Objective: The early and mid-term impact of functional mitral regurgitation (MR) in patients undergoing isolated aortic valve replacement (AVR) for aortic stenosis remains unresolved. Method: Through our institutional databank, using a case-match study, we identified 58 patients with MR grades 0 -1 and 58 patients with MR grades 2 -3 (patients matched for sex, age, ejection fraction (EF), NYHA, diabetes, and CVA). Data were collected prospectively (mean duration of follow-up: 3.2^2.4 years). Results: Perioperative morbidity (re-operation for bleeding, low cardiac output, CVA, renal failure) was comparable among groups. Difference in mortality between the two groups was non-significant (7.0 vs. 3.5%, P ¼ 0:67 in groups MR 2 -3 vs. 0 -1, respectively). At early echocardiographic follow-up, 7/58 patients (12.1%) within group MR grades 0 -1 increased their MR to grades 2 -3; among which only two remained with MR grades 2 -3 at mid-term follow-up. Within MR group 2 -3, 18/58 (31.0%) remained with MR grades 2 -3 among which 7/18 (38.9%) decreased of at least one grade at follow-up. Eight year actuarial survival was comparable in both groups: MR grades 0 -1 ¼ 60.9% vs. MR grades 2 -3 ¼ 55.0%; P ¼ 0:1. Actuarial survival of patients with MR grades 2 -3 postoperatively was similar to patients with MR grades 0 -1 (MR grades 0 -1 ¼ 59.0%, MR grades 2 -3 ¼ 58.9%, P ¼ NS). Conclusions: Presence of preoperative moderate functional MR (grades 2 -3) in patients undergoing isolated AVR for aortic stenosis regresses in the majority of patients postoperatively and has no significant impact on perioperative morbidity or mortality, nor mid-term survival. Thus, moderate functional MR should be treated conservatively in the majority of patients especially in the elderly subjected to isolated AVR for aortic stenosis. q
Introduction
Mild to moderate mitral regurgitation (MR) often coexists with severe aortic stenosis and has been reported to be present in up to 2/3 patients requiring aortic valve replacement (AVR) [1] . The mechanism underlying MR in such circumstances is probably multifactorial. MR in patients with aortic stenosis is often functional in nature although organic mitral disease may coexist. Increased afterload and LV remodelling have been implicated to explain the functional MR in patients with aortic stenosis. Furthermore, remodelling observed after AVR may impact the outcome of MR postoperatively [2, 3, 6, 7] . However, the natural history and early clinical impact of mild to moderate MR in patients with severe aortic stenosis submitted to AVR remains unsettled. In addition, the clinical outcome of persistent MR after AVR is uninvestigated. On the other hand, concomitant replacement of the aortic and mitral valves is associated to an increased morbidity and mortality compared to an isolated AVR [4] .
The purpose of the present study is to evaluate the early and mid-term clinical impact of moderate MR (grades 2-3) in patients undergoing isolated AVR for aortic stenosis. In addition, clinical outcome of persistent moderate MR after AVR is further investigated.
Material and methods

Patients
To assess the early and mid-term impact of moderate MR, we established a case-match study through our institutional databank. Follow-up of our institutional databank is over 98% complete and compromises data of yearly clinical visits and annual echocardiography. During follow-up, all readmissions are reviewed and assessed regarding valve related events. Between January 1992 and December 2000, 623 patients underwent a first operation for isolated AVR at the Quebec Heart Institute. Current practice in our institution, throughout the years, was to treat conservatively functional grades 2 -3 MR in patients undergoing isolated AVR for aortic stenosis. In presence of MR grade 4, mitral repair or replacement was performed. Patients with echocardiographic criteria of organic MR (ischemic, rheumatic, or degenerative etiologies) were excluded from the present study. Furthermore, charts of all patients with moderate functional MR were reviewed to assess etiology and were included in the present study, once the functional nature of MR was confirmed. Patients with concomitant coronary artery disease were excluded. Fifty-eight patients with preoperative functional MR grades 2 or 3 were identified. Each patient was matched for sex, age, NYHA, ejection fraction (EF) lower than 40%, diabetes, and history of stroke with a patient submitted to isolated AVR but with MR grades 0 or 1 preoperatively.
Patient characteristics are listed in Table 1 . All patients of both groups had an aortic stenosis secondary to a bicuspid or senile degeneration aortic valve. All patients underwent an isolated AVR. Stented or stentless aortic bioprosthesis were implanted in all patients.
Perioperative variables analyzed were type of valve implanted, cardiopulmonary bypass and cross-clamp times, prolonged intubation defined as intubation . 24 h, cardiogenic shock defined as cardiac index , 2.2 l/m 2 /min or inotropic support or intraaortic balloon counterpulsation for more than 24 h and renal failure as defined as a creatinin . 150 mmol/l or an increase . 20% from baseline. Eventfree survival was defined by the absence of one of the following events at follow-up: pulmonary edema, myocardial infarction, reoperation, or death of all causes. Survival and event-free survival were plotted in regards of both preoperative groups but also in terms of presence or absence of moderate MR at postoperative echocardiographic follow-up.
Pre and postoperative transthoracic echocardiography
All patients had a complete M-mode, 2D, pulsed, continuous wave, and colour Doppler study preoperatively, within 3 months postoperatively and yearly subsequently.
MR grading was established according to the semiquantitative method [5] . More specifically, grading of MR was assessed by colour jet characteristics including jet width and area and mitral and pulmonary vein flow pattern by pulsed wave Doppler. Grade 1 regurgitation was characterized by a weak holosystolic continuous wave Doppler signal and a small colour Doppler area. Grade 2 regurgitation was identified by a continuous wave Doppler signal of intermediate intensity and a normal vein flow pattern. Grades 3 and 4 regurgitation were characterized by a high continuous Doppler intensity, a large colour Doppler area, and by blunted or reversed systolic pulmonary vein flow pattern. Moderate MR was defined as grades 2 or 3 regurgitation.
Data collection and analysis
Results of quantitative and nominal variables were expressed with mean^SD and percentage, respectively. One-way analysis of variance (ANOVA) was performed to carry out analyses for comparison between MR grades 0-1 and 2 -3. The normality assumption was verified with the Shapiro -Wilk test and the Brown and Forsythe's variation of the Levene's test statistic was used to verify the homogeneity of variances. When these assumptions were not fulfilled for some parameters, an alternative procedure that does not depend on these assumptions was done. The procedure performed was to replace the observations by their rank, called rank transformation, and applying the ordinary F test from one-way ANOVA. This technique is an approximate procedure result, but one that has good statistical properties when compared to the Kruskal -Wallis test. Categorical variables were analyzed with the Fisher's exact tests. Product-limit analyses (also called Kaplan -Meier analyses) were performed to examine the time-dependent cumulative probabilities of the outcomes. The plots of the negative log of the survival function vs. time revealed that exponential model were not appropriated for the survival data. Consequently, the log rank tests with associated Chisquare were used to test the hypothesis that there was no difference in survival functions between both groups. The results were considered significant if P-values were # 0.05. The data were analyzed using the statistical package program SAS (SAS Institute Inc., Cary, NC). (Tables 2 and 3 ) Operative data showed comparable X-clamp time and duration of cardiopulmonary bypass in both groups. Valve types were similar among both groups ( Table 2) . Two patients with MR 0 -1 died in the first 30 days, postoperatively. Within MR groups 2 -3, four patients died within 30 days of the operation. Postoperative complications were comparable among both study groups (Table 3) .
Results
Operative data and postoperative mortality and morbidity
Echocardiography follow-up
Patients were followed through an annual clinical visit for a mean of 3.2^2.4 years. A mean of 3.6^1.6 echocardiography were performed for each patient during the follow-up period. Within groups MR 0 -1 preoperatively, 7/58 (12.1%) increased to MR grades 2-3 within the first 6 months, postoperatively. However, after 1 year, only two patients (3.4%) remained with MR grades 2 or 3. Among patients with MR 2-3 preoperatively, 40/58 (69%) decreased to an MR grades of 0 -1 within 6 months of the operation. Among the 18 patients with a residual MR 2 -3, seven decreased of at least one MR grade after 1 year of follow-up. At 1 year postoperatively, 15 patients demonstrated persistent MR 2-3 and were considered as the postoperative MR 2-3 groups.
Maximal and mean preoperative echocardiography aortic gradients were significantly higher in groups 2 -3 compared to groups 0 -1 (maximal gradient: groups 0 -1, 72.3^23.5 mmHg vs. groups 2-3, 87.4^27.9 mmHg, P ¼ 0:02; mean gradient: groups 0-1, 45.2^15.0 mmHg vs. groups 2 -3, 53.3^17.6 mmHg, P ¼ 0:04). Within the early postoperative period, the indexed effective orifice area (IEOA) and mean and maximal aortic gradients were comparable among patients with early postoperative MR grades 0 -1 and MR grades 2-3 (IEOA: groups 0 -1, 0.88^0.22 cm 2 
Survival and event-free survival
(Figs. 1 and 2) Eight year actuarial survival for MR groups 0 -1 and 2 -3 preoperatively were comparable (groups 0 -1: 60.9% vs. groups 2 -3: 55.0%, P ¼ 0:10) (Fig. 1) . Within MR group 0-1, in addition to the two perioperative deaths, seven patients died at follow-up with one death being cardiac related owing to heart failure in a patient with renal failure and severe chronic obstructive pulmonary disease supervening 89 months postoperatively. Within MR group 2 -3, four patients died perioperatively and one patient died of heart failure (MR at last follow-up 2/4) 13 months postoperatively. Furthermore, nine patients died from non-cardiac related causes at follow-up.
Event-free survival was comparable for both preoperative groups (groups 0 -1: 55.3%; groups 2 -3: 40.4%; P ¼ 0:20) (Fig. 2) . Four patients required reoperation at follow-up. Within group 1, three patients necessitated reoperation: two patients for prosthetic endocarditis, 2 and 9 months after AVR and one patient for prosthetic dysfunction 77 months after surgery. One patient of MR groups 2-3 was reoperated 26 months after AVR for a ventricular septal defect. Owing to an MR grade 3, decision was made to replace the mitral valve concomitantly.
Results were comparable when assessing survival for patients with MR grades 2-3 postoperatively compared to patients with MR grades 0 -1 (groups 0 -1: 59.0%, groups 2 -3: 58.9%; P ¼ NS) (Fig. 3) . Similarly, no significant difference was observed in event-free survival between the Table 2 Type of bioprosthesis 0  3  Intact  8  7  Hancock  0  4  Perimount  3  2  Mosaic  29  18  Freestyle  17  21  Toronto-SPV  1  3 MR, mitral regurgitation. postoperative groups with or without moderate MR (groups 0 -1: 42.1%; groups 2 -3: 55.7%; P ¼ NS) (Fig. 4) .
Discussion
MR and coronary artery disease often coexist with aortic stenosis. Presence of combined valvular disease may render evaluation and treatment selection difficult. MR in patients with aortic stenosis may be secondary to intrinsic mitral valve disease, to the increased afterload of the aortic stenosis or the presence of left ventricular dysfunction. We have excluded patients with intrinsic mitral valve disease and limited our study to patients with functional MR without associated coronary artery disease. The effect of increased afterload as a contributory mechanism for MR in patients with aortic stenosis is suggested by the increased preoperative gradient in the moderate MR group observed in our study. Such a relationship has also been reported by Brener and colleagues [6] . Schulman and colleagues have suggested that presence of mild MR in patients with aortic stenosis is a marker of impaired left ventricular performance [7] . However, within our study, close to 70% of patients with moderate regurgitation decreased at least one grade early postoperatively, suggesting that the reduction in intraventricular pressure with the AVR seems the most important mechanism related to the preoperative MR. Moreover, EF albeit a crude evaluation of left ventricular performance, was similar within both groups. On the other hand, mean aortic gradient and effective valve orifice area were comparable in patients with or without moderate MR postoperatively suggesting other mechanisms such as changes in ventricular morphology to explain the MR. Interestingly, Harris and colleagues have observed a significant reduction in left atrial size and mitral annular area after AVR and was linked to a decrease in MR [8] . Such a mechanism was observed principally in patients with large left atrial size preoperatively suggesting left atrial size as a predictor of MR improvement after AVR. Improvement of MR after AVR has already been suggested by other authors [9, 10] . The present study confirms, within a case -control study, that the majority of cases with moderate MR diminish following AVR for aortic stenosis. Perioperative morbidity and mortality did not show any significant difference between patients with or without moderate MR preoperatively. Mid-term and event-free survivals were comparable for the two groups. Interestingly, seven patients among the MR groups 0-1 increased their MR to moderate early postoperatively although only two remained in the moderate grade at longer follow-up. Changes in left ventricular geometry or hemodynamic conditions during echocardiography may partly explain presence of moderate MR in these patients. However, mid-term and event-free survivals of patients with postoperative moderate MR was comparable to patients without moderate MR.
Although this study clearly demonstrates the high level of resolution of moderate MR after AVR and the lack of clinical impact of moderate MR, limitations have to be expressed. Our study population was elderly patients with a significant number of deaths being non-cardiac related. The poor mid-term outcome mainly related to non-cardiac deaths in our elderly population further stresses a conservative approach toward the management of the presence of moderate MR in elderly patients with aortic stenosis submitted to AVR. Moreover, operative mortality and morbidity related to combined aortic and mitral valve replacement in this population is especially high [11] . However, extrapolating these results to a younger more active age group may not be appropriate. Longer follow-up in a larger population without co-morbidities may show different results. Moreover, the present study specifically addressed patients with predominant aortic stenosis and may not be transposed to patients with a predominant regurgitant component. Furthermore, although our patients are followed prospectively in our databank, the present study has inherent limitations of a retrospective study. Confirmation of such results in a well-designed and powered prospective study should be investigated. Such a study should take into account a standardized postoperative medication regimen, which could impact overall results on MR outcome. We further stress the importance of evaluating the mitral valve to exclude any structural abnormality which may portend a different prognosis than functional MR. Patients with combined aortic stenosis and coronary artery disease may have a different outcome considering the possible ischemic component of the MR. The clinical impact of moderate ischemic MR remains controversial [12] . Furthermore, no data to our knowledge has demonstrated that repairing moderate ischemic MR may increase long-term outcome.
In conclusion, the present study confirms that moderate functional MR associated to isolated aortic stenosis regresses following AVR in most circumstances. Furthermore, presence of moderate functional MR preoperatively does not impact perioperative and mid-term outcome after AVR. Moreover, presence of moderate MR postoperatively does not seem to influence mid-term outcome. Thus moderate functional MR in patients submitted to isolated AVR should be treated conservatively especially in the elderly population.
